We use a unique data set to examine the value of English knowledge among both Russian immigrants to Israel and native Israelis and to cast further light on the importance of ability bias for estimates of the return to language knowledge.
By examining not only Hebrew acquisition but also English acquisition among Russian immigrants to Israel, we address an important criticism of the large literature on the role of host-country language acquisition on the assimilation of immigrants. Barry Chiswick and others (Berman, Lang and Siniver, 2003; Carliner, 1996 Carliner, , 2000 Chiswick, 1998; Chiswick and Miller, 1992 , 1995 , 1999 Dustmann, 1994 Dustmann, , 1999 Dustmann and van Soest, 2002; McManus, 1985; McManus et al 1983; Tainer, 1988) have established, for a broad range of countries, that immigrants with good knowledge of the host-country language have higher earnings than apparently comparable immigrants with little or no ability to speak the host language. However, as recognized by Borjas (1994) and Chiswick and Miller (1992) knowledge of the host language may be indicative of other skills or characteristics of workers such as general cognitive skills. Chiswick and Miller and Dustmann and van Soest (2002) use an instrumental variables approach to address this problem, but IV relies on strong exclusion restrictions. Dustmann and Fabbri (2003) use propensity scores, which avoids the strong linearity assumptions required for regression but requires that there are no unobservable variables that in uence both earnings and language knowledge. Bleakley and Chin (2004) rely on age at entry as an instrument, which probably captures language not only in its narrow sense but also in the broader sense of knowledge of society, modes of interaction and other social skills. Berman, Lang and Siniver (2003, hereafter BLS) attempt to address the endogeneity problem by examining the relation between wage growth and language knowledge growth and obtain results that are similar to those found elsewhere in the literature. However, there is a parallel concern that the ability to acquire language skills may be indicative of the ability to acquire other skills. The speed with which individuals learn Hebrew may well capture general cognitive aptitude.
We argue below that if knowledge of host language is correlated with other skills, then it is also likely to be correlated with knowledge of other languages. Under this assumption, controlling for English knowledge is a partial control for unobserved worker characteristics. We nd that Russian immigrants to Israel who speak good Hebrew also tend to speak good English. However, when we include knowledge of English as an explanatory variable in the wage equation, the effect on the magnitude and the interpretation of the coef cient on Hebrew is negligible. Similarly, if language acquisition captures general learning skills, we would expect a strong correlation between growth of knowledge of Hebrew and of English. Yet, including growth in English knowledge has little effect on the estimated wage growth from learning Hebrew.
We also contribute to the small but growing literature on the nancial return to foreign language knowledge, which has become an important theme in policy circles and the popular press. Grin (2001) examines the role of English in Switzerland where its role as a lingua franca gives it a special status. There is also a modest literature on the value of second language knowledge in multilingual societies such as Canada, Switzerland and India (Grin and Sfreddo, 1998; Shapiro and Stelcner, 1997; Munshi and Rosenzweig, 2006) and on the value of bilingualism among individuals in the United States, many of whom are not native English speakers (Fry and Lowell, 2003) . Beenstock et al (2005) look at the relation between earnings and the use of English (in daily life) among immigrants to Israel, many of whom are from English-speaking countries, but do not directly address the role of second-language pro ciency in English. The closest paper to our work here is Saiz and Zoido (2005) who study native-born college graduates in the United States and nd that those with good conversational knowledge of a second language earn about 2-3% more than those who do not, a result which they note is consistent with Altonji's (1995) estimate of a somewhat higher return to foreign language instruction than to other courses.
Finally, our study contributes to the literature showing language-skill complementarity. In a manner analogous to BLS, we address the differential value of English, as well as Hebrew knowledge, across skill classes. Our results are largely supportive of that research. 1 We have data on a large sample of immigrants, primarily Russians, who are not native English speakers. This group is particularly interesting because many of them acquired their knowledge of English after moving to Israel and almost none knew Hebrew on arrival in Israel. Moreover, we have collected data on a large sample of native Israelis working in the same occupations and workplaces as the immigrants.
As in BLS, we have data on language knowledge and wages at two points in time. Thus, we are able to examine how the wages of the immigrants and the natives change as they gain familiarity with English. As noted above, cross-section results may confound other skills with English knowledge. In particular, in most non-English speaking countries, knowledge of English is more common among better-educated and more advantaged workers, even controlling for measured characteristics.
1 Angrist and Lavy (1997) nd that switching instruction from French to Arabic lowered the return to schooling in Morocco, which also supports the language-skill complementarity hypothesis. In contrast, Angrist, Chin and Godoy (2008) nd that switching instruction from English to Spanish in Puerto Rico had no effect on English-language skills.
Our key ndings are as follows:
1. In cross-section estimates there is a signi cant bene t to English knowledge for both immigrants and natives with high levels of education.
2. Language acquisition is an important element in immigrant/native earnings convergence, but most of this convergence is explained by factors other than language acquisition.
3. These results are con rmed using panel data on wages and knowledge of Hebrew and English over time.
4. The bene ts of English knowledge vary across occupations in ways that are consistent with past evidence on language-skill complementarity.
5. Natives and immigrants with high levels of education bene t similarly from knowing English. While immigrants with low levels of education do not bene t from knowledge of English, there is some evidence that native Israelis do.
6. The rates at which immigrants learn English and Hebrew are largely orthogonal. Therefore earlier work on the importance of knowledge of the hostcountry language (Hebrew) does not appear to be signi cantly biased by the absence of measures of English knowledge.
A natural question is whether the results have any external validity, that is whether they have broader applicability beyond Israel. Of course, every country is unique, but in economic terms, Israel is not an outlier. Depending on the source, Israel's GDP per capita measured in purchasing power parity, is in the same broad range as such countries as the Czech Republic, Italy, New Zealand, South Korea and Spain.
2 It has a somewhat less open economy than the Czech Republic but is similar to the other four.
3 Tourism plays a somewhat smaller role in the Israeli economy than in the three European economies and New Zealand, but a larger role than in the Korean economy. 4 With the obvious exception of New Zealand, there is little reason to expect the roles of English in medicine, high-tech, skilled and unskilled labor to differ in Israel from those in the other countries.
2 According to the CIA World Factbook, the GDP per capita of Israel was $28,200 compared with an unweighted average of $29,100 for the other ve countries.
3 The sum of imports and exports divided by GDP is .58. The unweighted mean for the other ve is .68 with the difference largely driven by the Czech Republic (CIA World Factbook, downloaded June 24, 2009) . 4 Based on our calculations of the ratio of tourism receipts (United Nations World Tourism Monitor, June 2008) to GDP (CIA World Factbook).
Data
We focus on native Israelis and immigrants to Israel from the former Soviet Union to whom we will refer, somewhat incorrectly, as Russians. The Russian immigration to Israel should be of broad interest to economists who study immigration for a number of reasons. First, it was an unusually large immigration. The arrival of the Russian population in the late 1980's and rst half of the 1990's increased the population of Israel by about one-eighth. Second, relative to most migrations, we face fewer selection problems when studying this group. The cost of migration from the former Soviet Union to Israel was relatively low. Perhaps more importantly, there has been little return migration although there has been some onwards migration to other locations, particularly the United States.
5 This means that we have less reason to be concerned that years since migration will be correlated with unobserved characteristics because return migrants are disproportionately successful individuals who use their wealth to return home or because they are disappointed and less successful.
Our primary data source is the Workplace Occupational Survey (WOS) conducted by the Department of Economics at the College of Management Academic Sciences in Israel under the direction of one of the authors. By design it is similar to the survey used in BLS, but it uses a larger sample and a broader range of occupations. The survey is not intended to be representative of the Israeli or immigrant populations but instead targets the types of workplaces and occupations which previous studies have shown to have a high proportion of immigrants from the former Soviet Union. The nature of the research required the use of a convenience sample, targeting rms that were willing to allow interviewers access to their employees and which were known to have large numbers of workers in occupations in which Russian immigrants are frequently employed.
The WOS focuses on four different types of workers:
1. Physicians and nurses: This sample consists of physicians and nurses at seven hospitals, including ve of the largest hospitals in Israel and two smaller hospitals. Interviewers attempted to survey all native Israeli and Russian immigrants employed as doctors or nurses in these locations. A total of 244 medical professionals of whom 123 were immigrants were surveyed. 5 For a fuller description, see Beenstock and ben Menahem (1997) and Friedberg (2001) . The issue of selection in studies of migration is discussed in Chiswick (1978) and Borjas (1987) . 6 We can distinguish between nurses and physicians in the data, but the sample of Russian nurses is quite small. We experimented with dividing medical professionals into these two groups but found mostly very large standard errors that precluded any interesting substantive results. Therefore, we group the two together when we present estimates separately by occupation but use separate indicators for doctors and nurses when we control for occupation.
2. Unskilled workers: This sample consists of workers at ten gas stations, hotels and supermarkets including 178 native Israelis and 170 immigrants.
3. Skilled blue-collar workers: Skilled workers were surveyed at thirty companies. The sample is comprised of 570 native Israelis and 571 immigrants.
4. High-tech: This sample consists of technicians, software engineers and similar workers employed in high-tech companies. Nine hundred ninety-three workers of whom 619 were immigrants were surveyed at fourteen companies.
The interviews were conducted between late 1998 and early 2000. In total, the WOS covers 1483 immigrants who arrived in Israel no earlier than 1989 and 1243 natives working in the same occupations and workplaces.
The strength and the weakness of the WOS is that it focuses on occupations in which there were high concentrations of Russians immigrants. As a result, it provides relatively large samples of immigrants in these occupations, and it is possible to analyze outcomes by occupation. In addition, since immigrants and natives are surveyed in the same rms, we are always implicitly controlling for establishment in our estimates and generally present estimates with explicit establishment controls. For some purposes this is an advantage. For others it is a disadvantage. In particular, the WOS is not well-designed to study issues of occupational mobility or differences between natives and immigrants in the distribution of occupations and/or establishment of employment.
The Israelis in the sample are almost certainly not representative of the native population, and there is no guarantee that Russian immigrants in those occupations are representative of Russian immigrants as a whole. However, there are some strong similarities between WOS and a representative sample of Russian immigrants. Table 1 compares the characteristics of the WOS sample with the sample of Russian immigrants in the Israeli Income Survey and also shows the characteristics of native Israelis in the WOS. The immigrants in the WOS are about four years younger and have correspondingly less potential labor market experience than Russian immigrants in the Income Survey. They are also slightly more educated and somewhat less likely to be married. The WOS and IS have similar proportions of skilled and unskilled workers, but it is undoubtedly the case that white collar workers are spread over a broader range of occupations in the IS than in the WOS although this cannot be tested directly. The most valuable feature of the WOS data is the combination of current and retrospective questions on earnings and language ability. The survey asks immigrants about their ability to speak Hebrew and English. Natives are asked about their ability to speak English. Each member of the sample is questioned about both his self-assessment of his current language ability and his ability when he started the job. This approach has two advantages. First, it is consistent with insights from survey design (Belli et al, 2001 ) which stress the importance of focusing on signi cant events to minimize measurement error in responses. The idea is that in a retrospective question, earnings and language ability will be much easier to recall for a memorable date such as the date of hire than for an arbitrary date, such as April 1 of last year. Second, since there is no well-de ned metric by which someone is determined to speak a language "very well," when we difference the data, we control for differences in the de nition of language ability which may vary both across individuals and within individuals over time.
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Respondents were asked in each case to classify their ability to speak the language (Hebrew or English) as "not well," "well," or "very well" which we code as 1, 2 and 3. As shown in Table 1 , among immigrants, the average reported Hebrew knowledge on entry into the current job was 1.6 while it was 2.4 at the time of interview. Natives are assumed to speak Hebrew very well both at the time of entry and at the time of interview. For English, among immigrants, the average score was 1.7 on entry into the current job and 1.9 when interviewed. In contrast, for natives, it was 2.2 and 2.5. Thus natives both report better knowledge of English and more progress during their time on the job. Of course, natives have almost twice as much seniority as immigrants, so they have had more time to improve their English. Whether these differences are economically meaningful will be addressed later. Table 2 shows the means of key variables by immigrant status and class of occupation. Within immigrant status, the average education level is increasing in the skill level of the job as would be expected. Consistent with the capital-skill comple-mentarity hypothesis, entry-level Hebrew (among immigrants) and both entry-level and current English among natives are increasing in skill level. However, among immigrants several patterns do not immediately t that hypothesis: entry-level English is lowest among doctors and nurses, current English is lower for doctors and nurses than for skilled and high-tech workers and current Hebrew is higher for unskilled workers than for skilled workers and high-tech workers although none of the pair-wise violations for current Hebrew is statistically signi cant.
We note also that within each occupational category, natives earn substantially more than immigrants even though within two of the occupations (high-tech and skilled workers), immigrants have both more education and more potential labor market experience. However, the immigrants have substantially less seniority, reecting their relatively recent arrival in Israel.
Methods
We begin with the standard approach, which is to estimate an equation of the form
where w is monthly earnings, Z is a set of background variables including sex, education and marital status, EXP is potential labor market experience, YSM is years since migration and JT is current job tenure. The variable H measures Hebrew language pro ciency and the variable E measures English language pro ciency. Our primary goal is to estimate the effect of English and Hebrew pro ciency on wages. If the covariates were randomly assigned, then the regression would recover the causal effect of these pro ciencies. However, cross-sectional estimates of coef cients will be biased estimates of these causal effects if " includes unobserved ability that is correlated with the covariates. We are particularly concerned that one's ability to learn a language will be re ected in H or E but may also be correlated with unobserved earnings ability.
In the standard framework, if we have data from multiple periods, we can write the error term as
so that this ability bias can be addressed by estimating. for i = 1 : : : N persons and t = 2 : : : T periods, and where is the difference operator. This is the approach used by BLS.
There are three issues that must be addressed in our framework. The rst is standard. Equation (2) can only be estimated consistently if it , is uncorrelated with the covariates. This condition implies that there is no unobserved variable that in uences both the rate at which individuals' wages grow and the rate at which they learn English and/or Hebrew. This condition would be violated if, for example, the abilities to learn different skills were closely related. Then we might nd that people who learned Hebrew or English rapidly also increased their computer programming skills rapidly.
One useful feature of our data is that we can address this issue directly. In her literature review, Abbe (2009) reports that individuals who learn one second language nd it easier to learn additional languages. She notes that it is unclear whether the relation is causal or re ects underlying cognitive ability, linguistic skills and other traits that facilitate foreign language acquisition. Long (1990) reports that foreign language acquisition depends "on the universal cognitive abilities (e.g. the capacity for implicit and inductive learning) and [are] subject to the same cognitive constraints (e.g. limited human memory, attentional resources, and information processing capacity)" as native language skills do. It is therefore likely that the ability to learn Hebrew and the ability to learn English are similarly correlated with unobserved ability to learn other skills. If differential language acquisition is driven primarily by differences in innate learning ability, we would expect changes in uency to be highly correlated across languages and that excluding one language from equation (3) would noticeably increase the estimated effect of the other.
To be precise, ignore the other covariates 8 and rewrite (2) as
where S is unmeasured skill and is orthogonal to the other variables. Then by standard application of the Theil omitted-variable formula, when E and S are excluded from the estimating equation, we have
where b yx represents the (probability limit of the) regression coef cient of y on x and where the have been dropped for ease of notation. When E but not S is included in the estimating equation, we have
where jE indicates that the coef cient is obtained with E included in the equation. The difference between the two estimates of ! is therefore
But,
If growth in Hebrew knowledge is largely proxying for general learning ability, then we would expect it be correlated with growth in English knowledge which would also proxy for general learning ability. If so, including this additional variable in the equation would reduce the estimated value of learning Hebrew.
Of course it is possible to write down models in which this does not hold. For example, English and Hebrew could be highly substitutable in production so that workers choose to learn either Hebrew or English, thereby generating a negative correlation in growth in the knowledge of the two languages for a xed level of general skill, but those with higher general skills might be more likely to invest in any language. Or people might learn the host country language without explicit instruction while, since they are not surrounded by English, they would have to receive explicit instruction to master that language. If other skills are also learned on the job implicitly, then growth in such skills might be highly correlated with growth in Hebrew but not in English. In fact, adult language learners may require and certainly bene t greatly from explicit language instruction (Abbe, 2009 ). However, we cannot rule out the possibility that those workers showing the greatest Hebrew improvement are those who are most successful at learning implicitly while those learning English all chose explicit instruction. But Occam's razor suggests that if adding English to the equation has little effect on the coef cient on Hebrew, then omitted variable bias is less likely to be important. We hope that we are clear that we are not claiming that adding English to the wage equation eliminates bias in the coef cient on Hebrew. Rather we are arguing that if the coef cient does not change, the original bias was probably not large. If the coef cient does change notably, the remaining bias may still be large. Of course, at least with our data, we cannot test the assumption that the abilities to learn the two languages are highly correlated.
The second issue is that, in contrast with the standard setting in labor economics, while we observe each individual at two points in time because of the retrospective items in the data, the time between observations differs across individuals depending on how long they have been in their job, and there are no observations on jobswitchers in the data. Therefore, for each immigrant EXP it = Y SM it = JT it , and therefore only 1 + + and not its individual components are identi ed. Put differently, for immigrants, we can estimate only the joint effect of seniority, experience and assimilation (years since migration) while for natives we estimate only 1 + , the joint effect of seniority and experience. We will assume that the joint effect of seniority and experience is the same for immigrants and natives so that the difference between the coef cients for natives and immigrants is the assimilation effect, . We note that this is essentially the normalization that allows the calculation of a "catch-up effect" in standard cross-section models.
The vector Z is composed of three variables, sex, education and whether or not the individual is married. Sex and education are unlikely to change within jobs. Marital status may change. Unfortunately, we do not have data on marital status at the beginning of the job, therefore we have
where we have dropped the redundant t subscript. We reach our nal estimating equation by noting that since initial job tenure equals zero, JT just equals JT at the time of interview and Y SM equals JT multiplied by a dummy variable equal to one if the respondent is an immigrant. Since we think it is bad practice to include an interaction term without a main term, we include a dummy variable for being an immigrant. In the speci cations reported in the paper we add ad hoc controls for education, experience, sex and marital status. The addition of these controls has no substantive effect on the results. Our nal estimating equation is therefore
where H is a set of ve dummy variables measuring different levels of progress in Hebrew (e.g. both initial and current Hebrew "not well" or initial Hebrew "not well" and current Hebrew "very well") and E is a pair of dummy variables for two of the three English skill-level transitions. Z contains the dummy variable immigrant and the additional regressors. The third issue concerns measurement error. Differencing data with classical measurement error can generate considerable bias because it increases the noise-tosignal ratio. It is reasonable to expect that there will be a great deal of measurement error in our measures of Hebrew and English uency because each individual reports his uency relative to an unknown metric. In van Soest (2001, 2002) differencing would have resulted in a measure of uency that was almost completely noise, implying that the metric not only varies among individuals but individuals change their concept of uency over time. Because our information about present and previous Hebrew and English ability is collected simultaneously, each individual is likely to respond to the questions about current and past uency using a single metric for uency. Thus differencing may actually reduce the noiseto-signal ratio by eliminating cross-individual differences in the concept without adding changes in this concept over time. Of course, we must recognize that in using retrospective data there is a risk of recall error, but by focusing on recollections of Hebrew and English ability at a time of a particular event rather than at a particular date, we have reduced the risk of recall bias.
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Despite this optimistic assessment, there is a related dif culty. Hebrew and English knowledge are graded on a scale with only three values, causing rounding error. When differencing, this has an indeterminate effect on measurement error bias. BLS discusses this issue at length. Rather than repeating that discussion, we summarize brie y and refer the reader to BLS for the details. The essential issue can be addressed for the case where there are just two categories, say speaks and does not speak the language. In the cross-section, the estimated gain from speaking the language is (everything else held equal) the value of language skill multiplied by the difference in language skill between those who report speaking the language and those who report not speaking the language, that is
Using the longitudinal data, the estimated gain is the difference in the average change in the language knowledge of those who report crossing the threshold and those who do not. In most plausible scenarios, the people who crossed the critical boundary between speaking and not speaking the language would be likely to be drawn disproportionately from those who were initially just below the cutoff and end up somewhat above the cutoff. The growth in skill is likely to be less than the average difference in skill of those above and below the cutoff. In addition, even those who do not cross the cutoff may improve their language skills and therefore have wage gains due to language improvement. In the extreme case, suppose that everyone increased his language skills at the same rate so that there were no difference in skill gain between those who happened to cross the cutoff between not speaking and speaking the language and those who did not cross the cutoff. In that case, the estimated gain using the longitudinal data would be zero regardless of how valuable language skills actually were.
We will refer to these downward biases as attenuation bias. To some extent we can mitigate attenuation bias by examining all possible combinations of past and current language knowledge. Thus, for example, we allow wage growth to differ among those whose Hebrew remains "not well," those whose Hebrew remains "well" and those whose Hebrew remains "very well" in addition to those whose Hebrew skill changes.
It is important to note that there are circumstances in which cross-section estimates can be severely downwards biased while differenced estimates are not. In particular, if respondents have widely varying views of what constitutes speaking a language well, there may be little difference between the language skills of those reporting different levels of uency. However, when respondents use a self-anchoring scale to report their progress, the concept of how much they have improved may be more universal. In other words, those who report no progress have genuinely made no progress while those who report a little progress have made some progress but less than those who report a lot of progress.
Results

Language Knowledge and Acquisition
We begin by presenting some basic information on language knowledge. Relatively few of the Russian immigrants knew Hebrew very well (12%) or English very well (11%) at the start of their job and even fewer knew both very well (2%). However, there is a clear positive correlation between knowledge of the two languages. We can reject the hypothesis of no correlation at any reasonable level of signicance ( 2 (4) = 21:6). By the time of interview the majority of immigrants view themselves as speaking Hebrew very well and almost one-quarter view themselves as speaking English very well. Again we can easily reject the hypothesis of no correlation between current Hebrew and current English ( 2 (4) = 23:8). Of those who spoke both languages "not well" when they began their job, almost none progressed to speaking English very well and most continued to speak it not well. However, most progressed to speaking Hebrew at least well and many to speaking it very well. What is most striking is that there is no correlation between progress in the two languages. The test-statistic for the null hypothesis of no relation ( 2 (4) = 1:2) is below its expected value. There is a little bit more evidence of a correlation for immigrants who initially spoke Hebrew well, but the relation falls short of signi cance at the .1 level ( 2 (4) = 7:7). Also controls for occupation. Ordered probit estimates for " not well" and probit estimates for " well" . Table 3 looks at the predictors of language acquisition. In the rst column, we use ordered probit to examine the predictors of current Hebrew among immigrants who initially spoke Hebrew not well. Not surprisingly, the passage of time in the form of greater seniority is associated with greater progress. Progress also slows after the mid-to-late twenties and is greater for more educated and women workers. The second column looks at progress among those who initially spoke Hebrew well. Again more seniority and education and being female are associated with a higher probability of progress and being older with a lower probability at least through the early fties.
The third and fourth columns address the relation between initial and current English and Hebrew acquisition. There is no relation between current or past English knowledge and growth in Hebrew skills among those who initially spoke Hebrew not well. All four coef cients fall well short of statistical signi cance individually and jointly. For those who initially spoke Hebrew well, the four coef cients fall just short of statistical signi cance at the .05 level but are each insigni cant and reveal no obvious pattern.
The last two columns look at English acquisition. The patterns with respect to seniority, education and age are similar to those in the rst two columns. However, there is no sex difference in acquisition of English.
Cross-Section Results
We turn now to our main focus, the relation between earnings and language skill. Column (1) of table 4 gives the basic speci cation without the language variables. It shows that immigrant earnings catch up with native earnings at a rate of about 3.3% per year.
When we add dummy variables for speaking Hebrew well and very well, the coef cients (not shown) are .101 and .207. The effect of the categorical variable is approximately linear. Since we cannot reject linearity, in column (2), we add Hebrew as a continuous variable. Knowing Hebrew well raises wages by ten log points and knowing it very well by twenty log points relative to not knowing Hebrew well.
In contrast with Hebrew, we easily reject linearity for English. The coef cient on knowing English well (not shown) is small, slightly negative and statistically indistinguishable from zero while the effect on wages of knowing English very well is large and positive. We therefore measure English by a dummy variable for knowing English very well.
There are a number of interesting ndings when we add English knowledge to the equation. First, we nd a large effect on earnings. Knowing English very well is associated with a 14% (thirteen log points) increase in earnings. Variables are in levels for cross-section and changes for longitudinal estimates. All estimates controls for occupation and establishment fixed effects. Longitudinal estimates also control for immigrant, experience sex, education and married.
Second, contrary to what we would have anticipated, excluding English knowledge from the equation has little effect on the coef cient on Hebrew. Unconditionally, knowledge of Hebrew and English are strongly correlated. This is consistent with our view that Hebrew knowledge (or host country knowledge more generally) may proxy for a set of other skills. However, conditional on the other factors, Hebrew knowledge and speaking English very well are uncorrelated. The major correlates of English knowledge are education and being a native Israeli. As a result, the lower frequency of English knowledge among immigrants partially "explains" their lower wages.
The conditional orthogonality of English and Hebrew knowledge is not only surprising but potentially important. A major concern in the literature on immigrant earnings and language is that knowledge of host-country language may capture other skills. If people who learn the host country language are otherwise more productive because of greater cognitive or other skills, then we may incorrectly attribute the bene t of these other skills to language knowledge. Ye t if Hebrew is a marker for cognitive skill, we would expect it to be a marker for language acquisition skill more generally. Therefore, the absence of a correlation between knowledge of Hebrew and English, conditional on other measured factors, suggests that host-country language skills are not likely to be proxying for other cognitive skills.
Finally, language accounts for about one-third of the "catch-up" rate. The coef cient on years since migration falls from .33 to .22 when we add the language variables.
Longitudinal Estimates
Another way to check whether the cross-section estimates are likely to be subject to bias from correlation between ability and language knowledge is to compare them with longitudinal estimates. As discussed earlier, if anything, longitudinal estimates are likely to be biased towards zero because of attenuation bias. If the two sets of estimates are similar, the simplest explanation is that neither is badly biased.
In the fourth column of table 4 we difference the data and include change in Hebrew knowledge as an explanatory variable. As discussed later, the data do not fully support treating Hebrew as an interval scale in this speci cation. However, the model failure is due to unusually high wage growth among skilled workers who report speaking English "not well" both currently and when they started their current job. Since dropping this group would strengthen our conclusions and since maintaining the linearity assumption permits a direct comparison between the crosssection and longitudinal estimates, for the moment we maintain it.
The estimated effect of Hebrew on wages is somewhat lower in the longitudinal estimates than in the cross-section estimates, falling by about half. This decline is somewhat larger than in BLS and may re ect either more evidence of bias in the cross-section estimates or the ner scale with which Hebrew is measured in their data. Still we nd a notable bene t to Hebrew knowledge, albeit it one that may be somewhat smaller than indicated by the cross-section estimates.
In the last column we add the change in English knowledge. Individuals who move from not speaking English "very well" to speaking it "very well" show 9% faster wage growth than those who still do not speak English very well or who spoke it very well when they began their job. This is somewhat lower than the difference between those who currently speak English very well and those who do not.
It is also important to note that including the change in English knowledge has no noticeable effect on the coef cient on change in Hebrew knowledge. This is consistent with the cross-section ndings and provides some support for the view that the difference between the cross-section and longitudinal estimates re ects downward bias in the latter, but we cannot rule out the possibility that the cross-section coef cients are biased upwards.
Language-Skill Complementarity: Cross-Section Evidence
In order to see if individuals with high levels of education (13 years and above, the cutoff between secondary and post-secondary education in Israel) gain more from knowing Hebrew and English than those with low level of educations (12 years and less), the rst panel in table 5 shows the estimates separately for individuals with high and low levels of education. Knowledge of Hebrew shows strong evidence of complementarity with education. The estimated value of Hebrew knowledge is small and possibly zero for those with twelve years of education or less. Among those with more education, knowing Hebrew very well is associated with about 30% higher earnings (26 log points) than for those who know Hebrew "not well."
The evidence of language-skill complementarity is somewhat weaker for knowledge of English. The estimates suggest that the premium for knowing English very well is about 16% for the more educated group but only about 5% for the less educated group. Nevertheless, the bene t from knowing English well while small for the less-educated group is statistically different from zero.
Further investigation (speci cations not shown) reveals that the pattern of a linear bene t from Hebrew and only a bene t from speaking English very well holds for the more educated group. However for the less educated group, those who speak English well earn slightly (and insigni cantly) less than those who speak it not very well while those who speak it very well earn slightly (and insigni cantly) more than those who speak it not very well. However, the difference between those who speak it very well and well is about 6% and is statistically signi cant, and this is what is picked up by the coef cient on speaking English very well.
The second and third panels of table 5 repeat the exercise separately for immigrants and natives. Not surprisingly, since the gain from Hebrew knowledge in the full sample is identi ed by its effect on immigrants, the results for Hebrew knowledge in the immigrant sample are similar to those obtained for the full sample. In the case of English, there are some differences. Overall, in the sample, immigrants and natives have similar bene ts from speaking English very well. There is, however, some evidence among the less educated that the bene t from speaking English very well is higher among natives than among immigrants although the difference in the coef cients is not statistically signi cant. The table also shows the relation between language knowledge and earnings by occupation. Consistent with the education ndings and with language-skill complementarity, we nd large and statistically signi cant effects of Hebrew knowledge among nurses and doctors, smaller but important and statistically signi cant effects for high-tech workers, small but statistically signi cant effects for skilled blue-collar workers and no effect for unskilled workers.
The results for knowing English well are also consistent with the education results. Knowledge of English is very valuable in the medical professions and, to a lesser extent, in high-tech, but less so for skilled and unskilled workers, with the last effect statistically signi cant only at the .1 level.
Language-Skill Complementarity: Longitudinal Estimates
As mentioned brie y above, our preliminary estimates revealed that simply treating Hebrew knowledge as a continuous variable did not capture the complexity of the effect of changes in Hebrew knowledge. Therefore, we create six separate categories for change in Hebrew, corresponding to the possible combinations of initial and current Hebrew knowledge.
10 However, we did nd that growth in English knowledge was well captured by a dummy variable for moving from not knowing English "very well" to knowing it "very well."
11 Moreover, we nd very different patterns of wage changes related to Hebrew language growth across occupations. Therefore, for the wage change estimates, aggregating among occupations is, at best, misleading. Consequently, table 6 presents estimates for the four occupations separately. For each occupation, we present a speci cation (1) with growth in Hebrew knowledge but not in English language skill and a speci cation (2) that includes both.
One concern is that those who claim to have spoken a language very well when they began their job cannot show gains in their knowledge of that language. Perhaps, the way the data are recorded masks a correlation in acquisition of language. There is some validity to this concern. Among those who did not speak Hebrew "very well" and did not speak English "very well" when they began their job, only 8% of those who reported no progress in Hebrew learned to speak English very well compared with 15% of those who reported some progress. However, much of this difference can be explained by the fact that workers who have been in their current 10 There are only six because no worker professes to regress in knowledge of Hebrew. 11 We test for equality of wage growth between remaining at "very well" and remaining below "very well." For all occupations together, the t-statistic is .97. When the estimation is done separately by occupation, the 2 statistic on the four coef cients is 6.89, well below its critical value of 9.49. The highest of the four t-statistics is 2.25 which is just signi cant at the .1 level as the highest of four independent t-statistics. job longer are more likely to have made progress in both Hebrew and English. Conditional on seniority in the job, potential experience and education (or equivalently, age and education), the correlation between Hebrew and English acquisition among immigrants who spoke neither "very well" is small and statistically insigni cant.
Among those who began their job speaking both English and Hebrew "not well," there is no correlation between progress in English and progress in Hebrew. Only two of 369 immigrants who began in this category progressed to speaking English "very well" but many progress to speaking it "well." Among those who were initially in the lowest category for both English and Hebrew, 34% of those who reported no progress in Hebrew made progress in English compared with 33% of those who progressed to speaking Hebrew well and 36% of those who progressed to speaking Hebrew very well. Thus acquiring Hebrew and English language skills are conditionally independent.
As we did using the estimates aggregated across occupations, we can address ability bias by comparing the longitudinal results in table 6 with the corresponding cross-section results in table 5. We begin by analyzing the coef cient on change in English language skill because it is easier to interpret and compare. In each case except that of unskilled workers, the coef cient in table 6 is smaller than the corresponding coef cient in table 5, but the differences are not large, again suggesting that there is at most very modest ability bias in cross-section estimates of the wage effect of English-language skill.
The results for Hebrew knowledge in table 6 tell a much more complex story than in either table 5 or BLS. Among doctors and nurses, progressing from "not well" to "well" is associated with a gain of 12 log points relative to remaining at "not well" and progressing from "well" to "very well" is associated with a gain of 21 log points relative to remaining at "well." Our point estimate suggests that the bene t of going from "not well" to "very well" is less than the sum of the bene ts of going from "not well" to "well" and from "well" to "very well" although the difference fails to reach statistical signi cance at the .05 level. Taken together, these three improvement coef cients suggest a somewhat, but not substantially, lower bene t from Hebrew than in the cross-section estimates for doctors and nurses.
However, the really striking result for these professionals is that the group that shows the largest pay increase is those who describe their initial Hebrew as being very good. It appears that knowledge of Hebrew is a prerequisite for large pay increases.
The results for high-tech workers are more straightforward. Those workers who do not improve their Hebrew show similar rates of wage growth. Those who move up a category have about 6% faster wage growth than those who do not progress. This is somewhat lower than the 9% found in table 5.
Except for an anomalous and possibly spurious (since it falls short of significance at the .05 level) nding of relatively rapid wage growth among those who begin and end at "not well," the results for skilled blue-collar workers are consistent with those in table 5. Those who progress from "well" to "very well" make 7% faster wage gains than those who remain at "well" and 3% faster wage growth than those who already spoke Hebrew very well, although neither difference is signicant at the .05 level. Those who progress from "not well" to "very well" see an 11% wage gain relative to those who already spoke Hebrew very well. These results are consistent with the 5% bene t from Hebrew in table 5.
Finally, for unskilled workers, the language knowledge coef cients are all individually and jointly insigni cant, consistent with the absence of a bene t from knowing Hebrew for this group and eliminating the somewhat anomalous nding of a positive bene t from English among unskilled workers in the cross-section estimates.
Taken together, tables 5 and 6 provide little support for the view that there is signi cant ability bias in either the cross-section or longitudinal estimates of the bene ts of language knowledge. Moreover, the longitudinal results continue to provide evidence of language-skill complementarity. Learning English is associated with noticeably and statistically signi cantly higher wage increases among doctors and nurses and high-tech workers than among blue-collar workers. The former groups more clearly bene t from learning Hebrew than do the latter, and in the case of doctors and nurses, Hebrew knowledge appears to be a prerequisite for advancement.
Summary and Conclusion
Previous research on the effect of language uency, in general, and host-country language uency, in particular, has been suspect because of possible biases due to the correlation of uency with unmeasured ability and correlation between duration in the host country and knowledge of the host-country language. The second bias is generally less of an issue because, as in our work, it is often possible to control for years since migration, but there remains a concern that years since migration is endogenous to language skills, a problem that is diminished by focusing on Russian immigrants to Israel.
The more serious concern is that language skills and unmeasured ability are correlated. Since measured skill, in the form of education, and language skill are positively correlated, it seems likely that language skills are also correlated with unmeasured characteristics of workers. We addressed this issue in two ways. First, if knowledge of the host country is a proxy for general skills, we would also expect it to be a proxy for general language skills. If so, knowledge of one second language should be correlated with knowledge of another second language. If we nd that, conditional on other variables, there is no correlation between knowledge of one language and knowledge of another, then it is unlikely that unmeasured skills are an important source of bias in cross-section estimates of the bene t from language skills.
Among Russian immigrants to Israel, knowledge of Hebrew is positively correlated with knowledge of English. However, we nd no evidence that they are correlated conditional on other measured variables. As a result including English in a cross-section wage equation has little effect on the estimated bene t from Hebrew and vice versa.
Our second approach to addressing the question of bias is to use differenced data, that is we regress change in wage on change in language uency. This eliminates any bias from a permanent skill. Taken as a whole, the estimated bene ts are somewhat but not dramatically higher in the cross-section than in the longitudinal estimates. Given the risk of attenuation bias in longitudinal estimates, this suggests that ability bias does not greatly undermine the credibility of existing cross-section estimates.
One concern about the longitudinal estimates is that the ability to learn a language may be correlated with the ability to acquire other scarce skills. Therefore, Russian immigrants who learn Hebrew quickly would also be people who would tend to learn other skills quickly. The high gain from learning Hebrew would re ect the value of being able to learn quickly rather than the value of knowing Hebrew.
Combining our two approaches addresses this problem. We would expect the ability to learn one language to be highly correlated with the ability to learn a second language. Therefore if acquisition of Hebrew uency is merely capturing general learning skills, we would expect adding acquisition of English uency to greatly reduce the measured bene t from learning Hebrew. In fact, we nd no such effect. In the longitudinal estimates, there is essentially no difference in the estimated bene t from learning Hebrew regardless of whether we control for increased English uency.
Taken together, we conclude that there is little evidence of ability bias in the estimated gain from Hebrew knowledge in these data. It is, of course, impossible to know whether this result generalizes more broadly to other populations so that we can have con dence in other OLS cross-section estimates of the return to language uency, but it makes that assumption more plausible and thereby strengthens much of the existing literature.
However, our results suggest the need for some caution. For example, for the sample as a whole, we nd that the estimated value of speaking English well is somewhat lower in the longitudinal estimates (9%) than in the cross-section estimates (13%). While this difference does not change the general conclusion that there is a signi cant bene t for Israelis to knowing the world's dominant language, it does suggest that we should be careful not to draw overly strong conclusions from cross-section estimates.
The 9% "return" to English uency among natives in Israel can be juxtaposed with the 7% estimated return to education in the data. The time to uency in a second language (at least for English-speaking adults learning a Germanic language in intensive study) is on the same order as the time spent in one to two years of country language, Hebrew, is complementary with education. In the cross-section estimates, we nd a large return to Hebrew knowledge only for those individuals with at least thirteen years of education and only among medical professionals and those in high-tech jobs. We nd less strong evidence of English-language/skill complementarity. In the cross-section estimates there are signi cant returns to English uency among those with twelve or fewer years of education but they are only half the bene t received by those with higher levels of education. Similarly, we nd signi cant returns to speaking English very well among both skilled and unskilled workers although these bene ts are smaller than those for medical professionals and those in high-tech jobs. The longitudinal results suggest stronger languageskill complementarity for English.
On the other hand, our results do not suggest that lack of knowledge of English is a crippling disadvantage for either native Israelis or Russian immigrants. Among medical professionals and those in high-tech jobs, our estimates of the value of speaking English very well are 22% and 9%. Our estimate for those with at least thirteen years of education is 16%. While it is probably the case that most students at the tertiary level could get a higher return from studying English than from studying many humanities elds, it is not obvious that the return to studying English is higher than the return to studying other, more technical subjects.
